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ABSTRACT 26 
 
The purpose of this study was to investigate whether the nordic hamstring exercise (NHE) or 27 
straight leg deadlift (SLD) had greater effect of fascicle length (FL), pennation angle (PA) as 28 
well as peak force (PF) following a repeated sprint fatiguing protocol. The NHE uses short 29 
muscle contractions while the SLD uses long muscle contractions, the effects each exercise has 30 
on the maintenance of peak force following repeated sprints was of interest. Eighteen youth 31 
football players playing at a professional Football League 1 club were randomly allocated into 32 
2 groups, NHE and SLD. A pre- test-post- test experimental design was utilised with each 33 
participant performing 12 progressive strength sessions over a 6- week period. Each participant 34 
performed 15 x 30 meter repeated sprints followed by a Nordbord PF measurement both pre 35 
and post training intervention. Both PA and FL were measured by means of ultrasound. The 36 
Results state that PF was higher in the SLD group post training intervention (P < 0.05) there 37 
was no significant difference in the NHE group. The SLD group also showed a medium effect 38 
size d=.55 while the NHE group showed a small effect size d= .24. Mean PA was significantly 39 
higher post intervention compared to pre intervention in the SLD group only (P < 0.05), there 40 
was also a medium effect size d=.59 while the NHE group showed a small effect size d=.16. 41 
Similarly, the FL score was significantly higher post intervention than pre intervention, 42 
however, only in the SLD group (P < 0.05) there was also a medium effect size d=.68 while 43 
the NHE group showed a small effect size d=.12. The SLD may be an appropriate exercise in 44 
order to reduce the effects of fatigue in the hamstrings during repeated sprint activity as well 45 
as induce positive architectural changes in the hamstring muscles. The findings in this study 46 
offer what may be a novel method for training the hamstrings in order to reduce the effects of 47 
fatigue. The findings suggest that this may be an appropriate pilot study for future research.  48 
 49 
Keywords: Hamstring training, injury prevention, eccentric training.  50 
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INTRODUCTION 52 
 
Hamstring muscle strains (HMS) are one of the most prevalent non-contact injuries in sports 53 
(Ekstrand, hagglund & Walden, 2011). Injuries to the hamstring represent the most common 54 
muscle injury amongst professional footballers during a season. The Hamstrings are a bi-55 
articular muscle consisting of the Bicep Femoris (BF) which has both the long head and short 56 
head, Semitendinosus (ST), Semimembranosus (SM) (Yu et al., 2008). A variety of variables 57 
have been proposed relating to the cause of hamstring injuries (HSI’s), these include inadequate 58 
warm-up, flexibility issues, muscle weakness as well as an imbalance between the hamstrings 59 
and their antagonist muscle group the quadriceps and also previous injury (Small Mc 60 
Naughton, Greig & Lovell, 2010; Verall, Slavotinek, Barnes, Fon & Spriggins, 2001; Orchard, 61 
Marsden, Lord & Garlick, 1997).  62 
 63 
The likelihood is that HSI’s arise due to a combination of all these factors and it is the role of 64 
the strength and conditioning coach to prepare their athletes as best they can in the face of these 65 
risk factors. A Football Association (FA) audit stated that 12% of all injuries reported over two 66 
seasons were hamstring strains (Woods et al., 2004). Alongside this, footballers were 2.5 times 67 
more likely to injure the hamstring muscles than the quadriceps during match play (Woods et 68 
al., 2004). These figures can be further broken down to offer some perspective, hamstring 69 
injuries (HSI’s) affect an average of 90 days and 15 matches per club each year in professional 70 
football in England (Ekstrand et al., 2011). The cost to English Premier League clubs in season 71 
1999/ 2000 was suggested to be in excess of £74.4 million. This high cost of HSI’s has also 72 
been shown to affect Australian Football League (AFL), with $1.5 million lost to injury which 73 
accounts for 1.2% of the salary cap in the AFL. Research has suggested that HSI’s are a 74 
continuing issue and have not shown a reduction in occurrence in recent years (Woods et al., 75 
2004; Ekstrand et al., 2010;). Days lost to HSIs are the reason for the high cost associated with 76 
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injury, typically athletes miss in excess of 28 days from training and playing once a HSI in 77 
sustained (Ekstrand et al., 2010). Interestingly, of all HSIs reported in Soccer in 2004, 53% 78 
were BF injuries with SM and ST showing 19% and 16% respectively Woods et al. (2004). 79 
Furthermore, in a 10- year study on HSI’s it was stated that 52.7% occurred in games while 80 
47.3% occurred in training (Elliott, Zarins, Powell & Kenyon, 2011). If we look at this in 81 
greater detail it implies that for every 1000 athlete exposures (A-E) HSI’s have an occurrence 82 
of every .47 of training sessions and 2.7 for games. This data in turn implies that athletes are 83 
5.74 times more likely to injure a hamstring in games relative to training sessions (Elliott et al., 84 
2011). From this injury data it was also stated that 53.1% of all HSI’s occurred during pre- 85 
season (July and August) despite the fact that pre- season was 7 weeks in duration while the 86 
competitive season was 16 weeks (Elliott et al., 2011). This could possibly have training 87 
implications and highlight the need to monitor training load and fatigue during pre- season and 88 
periods of high fixture congestion when players are relatively de conditioned and/ or fatigued.   89 
 90 
It has been shown that HSI’s occur mostly during running and high speed running in particular 91 
Duhig et al., (2016).  Biomechanical studies have suggested that the hamstrings are active 92 
throughout the gait cycle however, peak forces acting on the hamstrings occur during terminal 93 
swing and stance phase Yuliang et al., (2015). The terminal swing phase puts high demand on 94 
the hamstring muscles with high levels of contraction required to both lengthen and decelerate 95 
the extending knee and flexing hip (Yu et al., 2008). The terminal swing phase is also the point 96 
where the hamstrings are at their longest, highlighting the need for the muscles to be strong in 97 
a lengthened position (Yu et al., 2008). It has been observed that during the terminal swing 98 
phase all three muscles of the hamstring reach lengths exceeding their upright standing length. 99 
In particular, the BF reaches lengths up to 110% of standing length while ST and SM reach 100 
108.2% and 107.5 % respectively (Yu et al, 2008).  Alongside these extreme lengths, the 101 
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muscles are also subjected to peak forces and maximum torque during hip extension and knee 102 
flexion during ground contact (Mann, 1981). High forces at lengthened positions is an 103 
important consideration around the topic of Hamstring strengthening as well as the role of 104 
fatigue in HSI’s. Muscle action during sprinting consists of concentric actions to extend the 105 
hips as well as eccentric lengthening during hip flexion as well as during the late stance phase 106 
(Yu et al., 2008). It is the eccentric actions during the stance and swing phase that are likely to 107 
contribute to the high rates of HSI’s during high velocity and sprinting (Opar, Williams & 108 
Shield, 2012). An inability to cope with these high eccentric forces and in particular the ability 109 
to slow down the leg during the late swing phase has been shown to play a role in HSI’s 110 
(Rahama, Reilly, Lees & Graham- Smith, 2003). This inability to decelerate the leg may be in 111 
part due to the imbalance between the Quadriceps and the hamstrings also known as the Q:H 112 
ratio (Small et al., 2008). The role that eccentric actions play in HSI incidence is a theory which 113 
is supported by the fact that there is a lack of HSI’s in concentric dominant sports such as 114 
cycling and swimming (Opar et al., 2012).  115 
 116 
The role of fatigue is one that is debated regarding its role in HSIs. The accumulation of fatigue 117 
and in particular, microscopic damage may leave the hamstrings in a vulnerable position and 118 
possibly increase their susceptibility to injury especially if the athlete is required to perform 119 
maximum sprinting and/ or ballistic movements etc. (Opar et al., 2012). Muscle strength 120 
reduction due to fatigue has been suggested to play a role in increasing the hamstrings 121 
susceptibility to injury (Small et al., 2010). A reduction in hamstring strength is said to result 122 
in a reduced ability to absorb high forces such as landing during sprinting gait (Small et al., 123 
2010). It has been stated that an increase in PA may result in an increase in a muscle ability to 124 
produce force (Aagard et al., 2001; Shigeki et al.,2008). An increase in FL may also contribute 125 
in the reduction of fatigue by means of reducing passive tension. By increasing the length of 126 
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the hamstrings the forces acting on them at long muscle lengths i.e. sprinting may have less of 127 
an effect on their ability to withstand forces and in turn reduce fatigue (Timmins, Shield 128 
Williams & Opar, 2015).  129 
 130 
It has been suggested that the angle of peak torque changes due to fatigue and so the hamstrings 131 
are weaker at shorter lengths which in turn predisposes the muscles to injury during running 132 
gait (Timmins et al., 2015). This hypothesis is based on the research surrounding in series 133 
sarcomere strain and in particular sarcomere popping (Morgan, 1990). Morgan (1990) 134 
proposed that eccentric muscle damage is dependent on the force- length relationship and that 135 
the muscle is at greater sarcomere instability at increased lengths. This instability is said to 136 
result in increased muscle damage due to the lengthening of the sarcomeres which when 137 
stretched to their maximum, results in sarcomere “popping”. Once these sarcomeres have 138 
“popped” appropriate recovery time will result in the sarcomeres regenerating to normal 139 
lengths, however if sufficient time is not allowed then these sarcomeres cannot regenerate and 140 
the muscle is predisposed to continued strain and continued sarcomere “popping”. This 141 
accumulation of sarcomere “popping” is said to eventually lead to myofibril damage which 142 
may result in a strain injury over time (Brocket, Morgan & Proske, 2004; Morgan & Allen, 143 
1999). The implications of this on HSI’s may be that longer sarcomeres in series will be 144 
subjected to less strain due to the favourable length- tension relationship. This increased 145 
sarcomere length in turn, limits the eccentrically induced muscle damage and potentially 146 
reducing injury risk (Brockett et al., 2004). It has been suggested that the resultant increased 147 
peak force at longer muscle lengths is what may reduce the risk of HSI’s (Brockett et al., 2004). 148 
The SLD is one such exercise which may offer a solution as to how to train the hamstrings at 149 
long muscle lengths and may offer insight into the reduction in hamstring fatigue in an acute 150 
setting.  151 
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SLD may be a more appropriate exercise for hamstring injury prevention due to the biarticular 152 
nature of the movement as well as its ability to strengthen the hamstrings at longer lengths 153 
(Ono, higashihara & Fukubayashi, 2010). Gues, Degache, Morisod, Sailly & Millet, 2016 154 
investigated a 3- week training intervention study comparing eccentric hamstring training at 155 
short muscle lengths Vs long muscle lengths. The exercises performed were eccentric knee 156 
extensions on an isokinetic dynamometer with the short angle group working at 0° and the long 157 
muscle group at 80°. While there were positive correlations between eccentric training and 158 
muscle architectural properties this study had several limitations such as exercise specificity as 159 
well as study duration which was 3 weeks. The SLD incorporates both eccentric and concentric 160 
muscle actions while also offering what may be a more specific muscle length in terms of 161 
reducing injury risk (Bezerra et al., 2013). The biarticular nature of the exercise is specific to 162 
running actions and thus it is hypothesised that participants could reduce the effects of fatigue 163 
following an acute bout of repeated sprints.  The SLD is also an exercise which can be tested 164 
for a 1 RM and thus, allows for greater accuracy with load prescription. There is little research 165 
around SLD and its effects on peak force, PA or FL, comparing the NHE to the SLD may offer 166 
some insight into improving hamstring performance and injury reduction. 167 
 168 
The Nordic hamstring exercise (NHE) exercise has been investigated by several injury 169 
prevention interventions and results have shown a significant reduction in hamstring injuries. 170 
The NHE involves the athlete being secured by the ankles and slowly lowering themselves to 171 
the floor maintaining a slight hip flexion and continuous extension of the knee until in the prone 172 
position (Ditroilo, De Vito & Delahunt, 2013). One such investigation revealed a 65% 173 
reduction in incidence than teams who did not use eccentric hamstring training (Arnason, 174 
Anderson, Holme, Engebretson & Bahr, 2008). Bourne et al, (2017) investigated the impact of 175 
the NHE on hamstring architecture and morphology and found that the NHE was an appropriate 176 
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exercise in order to induce lengthening of the BF long head fascicles. FLs of <10.56 cm are 4 177 
times more likely to suffer a hamstring injury than longer fascicles lengths (Timmins et al, 178 
2016). The increase in FL may result from the addition of in series sarcomeres as mentioned 179 
earlier. This increase in sarcomere lengths has been said to have a positive shift in the muscles 180 
force- length relationship while also reducing the likelihood of injury (Talbot, Morgan, 1998; 181 
Brockett, Morgan & Proske, 2000).  182 
 183 
The aim of performing the NHE is ultimately to increase strength which in turn may lead to a 184 
reduction in the effects of acute fatigue i.e. Post repeated sprinting. The angle at which the 185 
exercise is performed favours ST activation, this is due to the fact that the ST has a large 186 
moment arm than the BF or SM and so preferential recruitment is observed (Bourne et al., 187 
2016). The early recruitment of the ST and lack of recruitment in the BF short and long head 188 
implies that the NHE may not be the optimum choice of exercise for preventing running related 189 
HSI’s (Bourne et al., 2016). For this reason, an alternative exercise may offer a more 190 
appropriate way or reducing fatigue and reduce the risk of injury. While this is contradicting 191 
previous research on the use of NHE for injury prevention it is worth noting that while muscle 192 
activation may not be favourable in this instance, a positive shift in the torque angle as well as 193 
improved eccentric knee flexor strength should not be overlooked (Bourne et al., 2016). 194 
Furthermore, this increased ST activation may act as protection to the BF by means of 195 
increasing the agonists strength, relieving the BF of strain (Bourne et al., 2016). While the 196 
NHE has been researched and in many cases there have been positive effects on peak torque, 197 
the studies focused on comparing the NHE to a control group. This lack of hamstring training 198 
in the control group may in turn over emphasise the effects that the NHE is having on variables 199 
such as peak force etc. By introducing a SLD as a comparative exercise a clearer understanding 200 
may be developed on the relative changes in peak force following a training programme.  201 
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In order to contribute to the literature around this topic this study will investigate peak force 202 
changes as well as some architectural changes associated with each exercise such as FL and 203 
PA which will be assessed via ultrasound. By comparing the NHE and SLD directly, it is hoped 204 
that this will improve knowledge around the effects of training the hamstring at different 205 
muscle lengths. The NHE is performed at short muscle lengths which requires a high level of 206 
stress while the SLD is operating at long muscle lengths and requires a high level of strain. 207 
While both exercises are likely to result in stronger hamstrings, it is hypothesised that the SLD 208 
will result in increased FL, PA as well as maintaining a level of peak force under fatigue. The 209 
aim of this study was to investigate the effects of a 6 week NHE Vs SLD strength programme 210 
and its effects of hamstring fatigue following a repeated sprint protocol. Reflecting on the 211 
current literature on hamstring fatigue it is hypothesised that hamstring fatigue will 212 
significantly increase linearly with HSR and sprinting. It is also hypothesised that the NHE and 213 
SLD offer different benefits in the reduction of hamstring injury both architectural and in terms 214 
of peak force production. This in turn may have training implications for coaches and S&C 215 
practitioners.  216 
 217 
METHODS 218 
Experimental Approach to the problem 219 
The aim of this study was to investigate the effects of a 6 week NHE Vs SLD strength 220 
programme and its effects of hamstring fatigue following a repeated sprint protocol. Reflecting 221 
on the current literature on hamstring fatigue it is hypothesised that hamstring fatigue will 222 
significantly increase linearly with HSR and sprinting. It is also hypothesised that the NHE and 223 
SLD will both have a positive significant effect on hamstring fatigue with the SLD having a 224 
greater effect than the NHE. This in turn may have training implications for coaches and S&C 225 
practitioners.  226 
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Subjects 227 
18 full- time contracted Football players playing at youth team level of a League 1 category 3 228 
academy participated in this study (mean ± S.D: age: 16.9 ± 0.8 years; height 179.8 ± 5.9 cm; 229 
body mass 72 ±7.5 kg). Ethical approval was obtained from St Marys University, Twickenham 230 
and all participants provided written consent as well as consent from the club to use sensitive 231 
data. Players were included if they did not have a history of hamstring injury and/ or have 232 
another injury at present.  233 
 234 
Procedures 235 
Quantitative chronic exercise intervention consisting of 2 groups, NHE and a SLD. The study 236 
was a matched pairs design based on pre intervention hamstring strength. Prior to commencing 237 
the study, each player was assessed via ultrasound and Bicep Femoris, FL and PA was 238 
recorded. Baseline PF data was also taken so that a comparison can be made from baseline to 239 
fatigue. Each participant involved then complete a repeated sprint protocol consisting of a 240 
standardized warm- up (Table 1.) and 15 x 30 meter sprints with a 10- meter deceleration zone 241 
in which participants were required to come to a complete stop. Two strength training 242 
programmes were then completed in order to determine which exercise reduced the effects of 243 
fatigue on hamstring peak force. NHE training group (n= 9), and a SLD training group (n=9) 244 
were assigned to each participant. Each training group completed a progressive strength 245 
training plan as shown in Table 2 of equal volume loading consisting of 2 days per week for 6 246 
weeks. Once the programmes were complete participants repeated the Repeated Sprint protocol 247 
followed by Nordbord peak force testing to establish if any affect was seen between training 248 
groups with regards to peak toque following the fatiguing repeated sprint protocol.  249 
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Ultrasound 250 
PA and FL were analysed by use of ultrasound in B- Mode (EUB- 405; Hitachi, Tokyo, Japan) 251 
with a 7.5 MHz linear array probe. Participants were instructed to position themselves prone 252 
on a physiotherapy bed with their hips in neutral and knees fully extended. From this point a 253 
mid- point mark between the ischial tuberosity and the knee- joint fold parallel to the presumed 254 
orientation of the BF fascicles (Bourne et al., 2017) was made to indicate the scan site. Images 255 
from each participant’s right limb were used for analysis. Three images of the BF long head 256 
were recorded by video capture EasyCap USB 2.0 (UAF Co, Limited, Shenzen, China). Gel 257 
was applied to the probe and minimal pressure was applied between the probe and the skin to 258 
reduce muscle compression. The probe was applied along the direction of the fascicles to allow 259 
for better visualization between the superficial and deep aponeurosis of the muscles (Bourne 260 
et al., 2017). 261 
 262 
PA & FL Measurement 263 
PA is defined in the literature as the angle between the muscular fascicle and the deep 264 
aponeurosis Geux et al., (2016). Once a clear image was captured the following steps were 265 
taken to measure the fascicle characteristics as illustrated in Figure 1 266 
• Identify both the superficial aponeurosis (SA) and deep aponeurosis (DA). 267 
• Consistently using the deepest point of the deep aponeurosis as the start point for 268 
measuring PA.  269 
• PA was measured by means of Image J software protractor app.  270 
FL was estimated from muscle thickness and PA using the following equation; (Molinari & 271 
Salvi, 2014). PA measurement reliability testing was conducted by means of coefficient of 272 
variation (CV). 10 images were selected and angles measured before closing the images down 273 
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and measuring each angle again (CV= 2.01). Figure 5 and Figure 6 illustrate the changes to 274 
both PA and FL pre and post intervention for both the NHE and SLD groups.  275 
LF=b*sin((θ)-1 276 
 277 
Training Intervention 278 
All participants performed 12 training sessions over a 6- week period supervised by a qualified 279 
Strength & Conditioning coach (ASCC). A 6- week period was chosen for investigation as 280 
evidence suggests that FL changes can be observed over short periods of time (Blazevich et 281 
al., 2007). For the duration of the study participants were instructed to stop their current training 282 
programmes and focus solely on the intervention programmes to ensure that the extra strength 283 
training did not interfere with the results of the study. There was no need for the participants 284 
to undergo familiarisation sessions as all participants had experience of both exercise 285 
interventions. Over the course of the 6 weeks, volume and intensity were increased gradually 286 
in order to reduce the onset of muscle soreness which could have negative impacts on their 287 
Football performance. The intervention programme of volume and intensities can be seen in 288 
Table 2. Average loads Lifted (Mean±SD) can also be seen in Figure 2.  289 
 290 
Nordic Hamstring Exercise 291 
Illustrations of the NHE can be found in Figure 3. Participants knelt on the padded Nordbord 292 
with the ankles secured in the individual dynamometers secured superior to the lateral 293 
malleolus. From the kneeling position with the ankles secured, the participants were instructed 294 
to place arms on chest and lower their bodies as slowly as possible to a prone position. 295 
Participants were instructed to only perform the lowering portion (eccentric) of the exercise 296 
and to use their arms to push themselves back to the start position once they had reached their 297 
end range. End range was the point at which the participant could no longer control the 298 
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movement and fell and/ or the point at which technique had failed (Increased flexion at the 299 
hip). Participants’ were progressed weekly with the volume being the variable manipulated in 300 
order to add progressive overload. Participants’ were given 30 seconds rest between each 301 
repetition and up to 3 minutes’ rest between sets.  302 
 303 
Straight Leg Deadlift 304 
Participants in the SLD group were asked to perform a 1- repetition maximum (1RM) strength 305 
test in order to prescribe working intensities for the programme. The participants started at an 306 
intensity of 70% and gradually increased this load each week by 2.5%. In order to standardise 307 
1RM testing, each participant was asked to perform the lift bringing the bar to the tibial 308 
tuberosity while maintaining technique. Participants started with the bar on the floor and were 309 
asked to deadlift the bar to a standing position as seen in Figure 4. All participants used a 310 
shoulder width pronated grip with feet hip width apart with the bar held at arm’s length just 311 
below the waist. Once the start position has been achieved the decent of the lift involves the 312 
participant keeping their knees slightly unlocked to approx. 15-20°. From this position the hips 313 
flex and move backwards resulting in a lengthening of the hamstrings. The spine was locked 314 
and all movement at this point is coming from the hips, maintaining neutral spine was requested 315 
in order to reduce the risk of injury and ensure proper technique. This decent ends at the point 316 
immediately prior to when lumbar flexion occurs. From this point the participant ascends 317 
maintaining spine alignment and extending at the hips. Each participant was given 3 minutes’ 318 
recovery between sets during the training sessions.  319 
 320 
Repeated Sprint Protocol 321 
Each player involved will complete a repeated sprint protocol consisting of a standardized 322 
warm- up as seen in table 1. and 15 x 30 meter sprints with a 10- meter deceleration zone in 323 
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which participants were required to come to a complete stop. Sprints were carried out on a 324 
grass Football pitch and were marked out with a trundle wheel. The 30- meter and 10- meter 325 
deceleration track were then lined with white paint to ensure accuracy for re- testing. Each 326 
sprint was separated by 60 seconds recovery. Once sprints were completed each participant 327 
was asked to complete 3 maximal tests on the Nordbord to assess peak force under fatigue. 328 
Figure 7 compares the baseline measure of peak force to the scores following the repeated 329 
sprint protocol for pre and post training intervention (Mean ±SD).     330 
 331 
Nordbord 332 
Peak force was measured by way of a Nordbord which is a specifically designed piece of kit 333 
which straps the participants in by the ankles allowing for flexion and extension at the knees 334 
similar to that of a NHE (Figure 3.). A peak force is calculated by a built in dynamometer 335 
which measures the torque coming through the legs unilaterally. Each participant will set 336 
themselves into position and maintain alignment from head to knees with minimal flexion at 337 
the hips. With their arms on chest and ankles secured participants will lower themselves as 338 
slowly as possible into a prone position while flexing at the knee maintaining hip position. 339 
Participants will be instructed to only complete the eccentric portion of the lift and use their 340 
hands to push themselves back to the initial start position so as to minimize concentric knee 341 
flexor activities (Bourne et al., 2016). Each participant completed 3 repetitions with 30 seconds 342 
rest between each repetition, the Best Score was then taken for each participant 343 
 344 
Statistical Analysis 345 
PA, FL as well as peak force pre and post training intervention were analysed by means of 346 
SPSS statistical software (version 24.0 Chicago, IL). The Shapiro- Wilks test confirmed that 347 
the data was normally distributed after which a repeated measures ANOVA was used to assess 348 
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the effects of PA, FL and PF in NHE Vs SLD training groups. The level of significance was 349 
set at p < 0.05 with results summarised as mean ± SD. Effect sizes were also analysed for pre 350 
and post training intervention on all variables. Cohens d was used to express the effect size 351 
with the scale being trivial (0- 0.19), small (.20- .49), medium (.50- .79) and large (.80 +) 352 
(Cohen, 1992).  353 
 
RESULTS 354 
Pennation Angle 355 
Results show that only the effect of time was statistically significant (F= 5.55, P= 0.03). This 356 
means that the mean PA score was significantly different between the time periods (not taking 357 
the effect of group into consideration) (Table 3). Post-hoc analysis shows that the mean PA 358 
score was significantly higher post intervention compared to pre intervention (P < 0.05). 359 
Results for the interaction between the intervention and time shows that the mean PA score 360 
was significantly different between various time points only within the SLD group (Figure 5). 361 
The mean PA in the SLD group post-intervention was higher by 1.37 compared to pre-362 
intervention and this change was statistically significant (P < 0.05) and showed a medium effect 363 
size (d= .54). The results were not significant within the NHE group where the pre intervention 364 
PA was higher than the pre intervention PA by 0.42. 365 
 366 
Fascicle Length 367 
Results show that only the effect of time was statistically significant (F = 5.56, P = 0.03). This 368 
means that the mean FL was significantly different between the time periods (not taking the 369 
effect of group into consideration) (Table 4). Post-hoc analysis shows that the mean FL was 370 
significantly higher post intervention compared to pre intervention (P < 0.05). Results show 371 
that the mean FL score was significantly different only within the SLD group. The mean FL 372 
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post-intervention was higher by 6.93 compared to pre-intervention and this change was 373 
statistically significant (P = 0.02) and had a medium effect size (d= .68) (Figure 6). The results 374 
were not significant within the NHE group where the FL was higher post intervention than the 375 
FL pre intervention by 2.13. However, this difference did not reach statistical significance. 376 
 377 
Peak Force Following Repeated Sprints 378 
Results show that only the effect of time was statistically significant (F = 5.94, P = 0.02). This 379 
means that the mean PF was significantly different between the time periods (Table 5). The 380 
mean post PF score was significantly higher than the mean pre PF score in the SLD group only 381 
(mean difference = 52.78, P = 0.04) and had a medium effect size (d= .71) (Figure 7). Post-hoc 382 
analysis shows that the baseline PF was significantly higher than the Pre PF score (mean 383 
difference = 42.28, P = 0.02). The Post PF score, however, was not significantly different from 384 
the baseline (mean difference = 1.06, P = 1). The Post PF score was significantly higher than 385 
the Pre PF score (mean difference = 43.33, P = 0.01). Results show that the mean Pre PF score 386 
was significantly lower than the mean baseline PF score in the NHE group (mean difference 387 
= 49.89, P = 0.06).  388 
 389 
DISCUSSION 390 
The aims of the study were to evaluate a 6- week training intervention, comparing the NHE 391 
and SLD and their effect on hamstring fatigue as well as mechanical adaptations in PA and FL. 392 
The NHE produces muscle strain at short contraction lengths while the SLD produces high 393 
muscle strains at long muscle lengths. This study aimed at investigating the effect that these 394 
differing muscle length contractions had on PA, FL as well as force production following a 395 
repeated sprint protocol. It was hypothesised that both the NHE and SLD would have a 396 
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significant effect, with the SLD having a greater effect on peak force production, PA and FL. 397 
The findings of this study do not support this hypothesis as a significant difference was found 398 
in peak force, PA and FL in the SLD group (P> 0.05) but not in the NHE group. While there 399 
were positive changes in these variables in the NHE group none of the improvements showed 400 
a level of significance. Alongside this statistical significance, a medium effect size within the 401 
SLD group post testing results for PA (d= .54), FL (d= .68) and PF (d= .71) implies that the 402 
SLD may be an effective exercise with the aim of reducing the effects of fatigue and in turn 403 
protecting against hamstring injury. Rhea (2003) suggest that effect size should be used when 404 
the data being analysed is in relation to an applied setting such as this training intervention. It 405 
was hypothesised that the SLD would induce a positive change in PA, FL as well as PF due to 406 
the muscle being worked at long muscle lengths. This increase in force production as well as 407 
FL increase was taken from the theory on mechanical adaptation within the sarcomere 408 
(sarcomeregenesis) (Brughelli & Cronin, 2007).  409 
 410 
Sarcomeregenesis refers to the change in length of a sarcomere in series, this increase in 411 
sarcomere length has also been suggested to result in an increase in passive tension and in turn 412 
increased force production at long muscle lengths (LaStayo et al, 2003). This increase in 413 
passive strength is thought to result from a period of continued eccentric training 6- 8 weeks. 414 
After sarcomeregenesis has occurred, it is theorised that sarcomere length will be shorter at a 415 
given muscle length. This in turn will result in ensuring the myofilaments stay off the 416 
descending limb of the length tension curve during eccentric movements (Morgan, 1990). What 417 
this may imply from a practical setting, is that while repeated sprinting is by nature a fatiguing 418 
activity, the hamstrings are better able to tolerate the load and hence peak force may be 419 
maintained. Prolonged eccentric training results in greater passive strength and spring like 420 
qualities allowing for increased force production before failure. This increased spring like 421 
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quality and stiffness, in theory, may prevent injury as well as increase athletic performance. 422 
However, while this may be a possible cause for improved PF the participants experienced post 423 
training intervention there are many variables to consider and it would not be appropriate to 424 
associate this as the main cause for improvement. The increase in passive tension also has a 425 
positive effect on the length tension curve. Titin has been associated with some of these positive 426 
changes in passive tension. Following a bout of eccentric training, titin expression has been 427 
shown to increase, thus continued eccentric training may result in a protective adaptation that 428 
strengthens titin (Spierts, Akster & Granzier, 1997). Titin is important for its elastic properties 429 
during muscle contraction, by strengthening titin, an increase in stiffness at long muscle lengths 430 
may result in an increase in force production at long muscle lengths (Brughelli & Cronin, 2007; 431 
Spierts, 1997). However, to make assumptions on the effect eccentric training has on titin and 432 
increased force production from this study would be speculative. Increased passive tension 433 
may also explain the mechanism for the reduction in fatigue post repeated sprint protocol. By 434 
allowing the hamstrings to perform work in a more effective manner and thus decreasing the 435 
relative load the hamstrings are subjected to.  436 
 437 
It is worth noting that while the NHE failed at the point the participant could no longer 438 
eccentrically lower themselves to the ground the SLD is performed along a full range of motion 439 
with the limiting factor being flexibility/ technique. What this may mean is that the positive 440 
changes associated with the SLD are also in part due to the fact that the relative load on the 441 
hamstrings is greater and constant through the full range of motion. By being able to increase 442 
the load on the bar over time the progressive overload may be greater than the manipulation of 443 
sets and reps alone in the NHE group. This may also be a limiting factor as to why the NHE is 444 
not as appropriate as research would suggest in strengthening the hamstrings. While positive 445 
changes were expected as a result of performing the NHE this study has highlighted that the 446 
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SLD offers increased benefits and may be a more appropriate exercise for reducing the effects 447 
of fatigue in an acute setting such as this.  448 
 449 
Future research should consider investigating the length tension relationship as well as PA, FL 450 
and PF. Also, investigating which exercise NHE or SLD has a greater effect on increasing the 451 
angle of peak force and if so whether it is due to a shift in passive tension or mechanical 452 
adaptation such as increased FL.  453 
 
Limitations 454 
A sample size analysis was performed to assess if the sample size (n) would be adequate, the 455 
current study has an approximate 35% statistical power. Furthermore, it was observed that in 456 
order for the current study to have enough statistical power the sample size would need to be 457 
(n= 42) per group (NHE and SLD). While the study was limited by its statistical power, effect 458 
sizes offer some insight into what may be a valid study for future researchers. The lack of a 459 
control group may also be a limiting factor. Improvements in variables were associated with 460 
time as well as training group, if a control group was included the effect of time could be fully 461 
understood. While the Nordbord is a practical way of measuring peak force in the applied 462 
setting, a Biodex would offer further insight into PF across a range of angles.  463 
 
Practical Applications 464 
The results presented in this study offer some insight into what may be a novel method of 465 
reducing hamstring injuries. By training the hamstring muscles at long muscle lengths 466 
increased PA as well as FL may offer increased force production as well as reduce the effects 467 
of fatigue through a maintenance in PF. The SLD is one such exercise which may offer specific 468 
benefits from an injury prevention perspective. Additionally, the inclusion of a control group 469 
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would offer insight into whether the change in PA, FL and PF were associated with the training 470 
programmes or otherwise.  471 
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Figure Legends 649 
 650 
Figure 1 Ultrasound image capturing pennation angle of fascicles. Superior aponeurosis and 651 
Deep aponeurosis also labelled.  652 
 653 
 654 
Figure 2. Group average Total Load lifted (Mean ±SD) 655 
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 658 
Figure 3. Nordic Hamstring Exercise (NHE) in a Nordbord hamstring testing device. Note 659 
ankles are strapped in by means of dynamometers which give a peak force measure in Newton’s 660 
(N). Start position, mid position, end position (before falling).  661 
 662 
 663 
Figure 4. Straight Leg Deadlift (SLD) Start position, mid position, end position 664 
 665 
 666 
 667 
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 668 
Figure 5. Pre and Post PA for both NHE and SLD groups 669 
 670 
 671 
 
Figure 6. Pre and Post FL for both NHE and SLD groups 672 
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 674 
Figure 7. PF scores from baseline for pre and post training intervention for both NHE and 675 
SLD 676 
 677 
Table 1. Standardised warm- up protocol  678 
Time 
(Mins) Sets/ Reps Activity         
0-5  X Foam Roll, Mobility, Hips, Spine, Ankles 
5- 10 2 x 10 each side Goblet Squat, Lateral Lunge, Hip Bridge, walking Lunges 
10-20 X 
A- Skips, B- Skips, Gradual increase of tempo over 30 meters 
until ready to sprint  
 679 
Table 2. Training programme variables for both the NHE and SLD groups. 680 
Week Frequency Sets Repetitions SLD %1RM 
1 2 2 3 70% 
2 2 3 3 72.5% 
3 2 2 4 75% 
4 2 3 4 77.5% 
5 2 2 5 80% 
6 2 3 5 82.5% 
 681 
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Table 3. Mixed ANOVA results for PA 
Effect df MSE F ges P 
Group 1, 16 13.20 0.13 .007 .73 
Pre/ Post 1, 16 1.30 5.55 * .03 .03* 
Group*Pre/ Post 1, 16 1.30 1.54 .009 .23 
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Table 4. Mixed ANOVA results for FL 
Effect df MSE F ges P 
Group 1, 16 409.98 0.41 .02 .53 
Pre/ Post 1, 16 33.23 5.56 * .03 .03* 
Group*Pre/ Post 1, 16 33.23 1.56 .007 .23 
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Table 5. Mixed ANOVA results for PF 
Effect df MSE F ges P 
Group 1, 16 45135.38 0.07 .004 .80 
Pre - post 1.28, 20.51 2887.49 5.94 * .03 .02* 
Group*pre - post 1.28, 20.51 2887.49 0.71 .003 .44 
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